Objective: Although it is known that pediatric cardiac surgery holds risks for later development, few studies investigated the long-term development in children with tetralogy of Fallot. The purpose of this study was to define their intellectual capacities, neuropsychological profile, and behavioral functioning 6 to 12 years postoperatively.
T etralogy of Fallot (TOF) is one of the most common forms of cyanotic congenital heart disease (CHD). 1 A cyanotic defect results in abnormal blood flow through the lungs preventing full oxygenation of the blood and causes symptoms, such as cyanosis, breathlessness, and fatigue, and growth retardation. 2 Today, these children are operated on at an early age to normalize their cardiopulmonary status as soon as possible. Many studies have sought to define differences in functional outcome between cyanotic and acyanotic forms of CHD. In an acyanotic type of CHD, the circulation to the lungs is normal, and there is full oxygenation of the systemic blood. Generally, it is postulated that because of the difference in severity of symptoms, cyanotic forms of CHD result in lower functional outcome than acyanotic forms of CHD. 3 However, this is not always supported by clinical evidence. 4, 5 Only a few studies have engaged in defining the functional outcome in isolated diagnostic groups. Research on children with transposition of the great arteries (TGA) or TOF, 2 cyanotic forms of CHD, revealed significantly lower scores on academic skills, such as reading, spelling, and arithmetic, compared with those in an acyanotic group. 1 Differences between both cyanotic groups (TGA and TOF) could not be found. 4 Studies on children with TOF showed normal intellectual functioning 5, 6 but marked motor dysfunctions and a higher incidence of language deficits. 6 Neuropsychological assessment on adult patients with TOF revealed impairment in executive functioning. These patients also reported lower academic levels, despite having spent more time in school. 7 Studies on behavior in isolated groups of children with TOF are rare. Moreover, results on behavioral functioning in children with various CHDs are inconsistent. Although some studies report the presence of significantly higher behavioral problem scores in children with CHD, 8, 9 other studies conclude that no behavioral problems are present, and sometimes the parents even indicate fewer symptoms than parents of healthy children. 1, 10 Obviously, the division between cyanotic and acyanotic forms of CHD elicits conflicting results. As a consequence, research on separate diagnostic groups might result in the specification of functional outcome according to diagnosis. In addition, although cognitive dysfunctions at adult age and school problems have been mentioned, the neuropsychological profile of children with TOF remains unknown.
The purpose of this study was to define the intellectual capacities, neuropsychological profile, and behavioral functioning of full-time school-attending children with TOF 6 to 12 years postoperatively to identify shortcomings or relative difficulties that can lead to tailored interventional programs. We compared the TOF children with an acyanotic group and with a healthy control group.
Patients and Methods

Patient Characteristics and Medical Data
Patients with various CHDs operated on at Ghent University Hospital between 1995 and 1999 with a birth weight of greater than 2000 g, without perinatal problems, and without noncardiac malformations or genetic abnormalities (Down syndrome, velocardiofacial syndrome, and Di George syndrome) were contacted and invited to participate in the study. From this total group, we selected the children with TOF (n ϭ 29) and matched them with a group of children with an acyanotic CHD. All children with TOF and acyanotic children showing characteristic features of genetic abnormalities at birth had a genetic screening (fluorescence in situ hybridization). After exclusion of children with genetic abnormalities (8 children in the TOF group and no children in the acyanotic CHD group), we contacted 21 patients with TOF. One child could not be included because of a severe hearing disorder, and 2 other parents thought participation would be too time consuming. We included 18 patients with TOF (10 boys; age, 8 years, 3 months Ϯ 1 year, 6 months) who underwent a cardiac procedure. The TOF group was compared with a group of children with acyanotic CHDs (ventricular septal defect [VSD] , atrial septal defect, aortic stenosis or pulmonic stenosis) and with a healthy control group. In addition to age and sex, the groups were matched on the educational level of both parents and on the educational level of the child. Local school boards providing normal full-time education were contacted with specific demands to find a child matching the TOF child on sex, age, and educational level of the mother and father. All eligible children were tested at school. The local ethical committee approved the study, and all parents provided written informed consent. Procedures were in accordance with the recommendations found in the Helsinki Declaration of 1975. 11 Medical and surgical data were collected from the patients' files.
Intellectual and Neuropsychological Assessment
After parental agreement to participate, the child was invited for an intellectual and neuropsychological assessment of half a day.
The child was tested with a short form of the Wechsler Intelligence Scale for Children, 3rd edition, Dutch version. The short form included the subtests Information, Vocabulary, Picture Completion, and Block Design. 12 A deviation IQ was calculated by using the procedure suggested by Sattler. 13 On the subtest level, a mean performance of 10 (standard deviation [SD], 3) is expected. Mean estimated full-scale IQ is 100 (SD, 15).
The neuropsychological battery consisted of all core subtests of the NEPSY (a developmental neuropsychological assessment). The NEPSY tests the child's neuropsychological development in 5 functional domains to detect subtle deficiencies within and across these functional domains, which can interfere with learning in preschool-and school-aged children.
14 The 5 domains are Attention and Executive Functioning, Memory, Language, Visuospatial Skills, and Sensorimotor Functioning. A mean performance on the domains is 100 (SD, 15).
Behavioral Assessment
During the assessment of the child, the parents completed a behavioral questionnaire. The Child Behavior Checklist (CBCL) reports on the presence of behavioral, social, and emotional problems in 4-to 18-year old children, as reported by their parents. The CBCL contains both competence scales and problem behavior scales. In the competence scales 27 items ascertain the child's activities, social involvement, and school performance. A Composite scale summarizes the total competence of the child. A t score of less than 37 reflects maladjusted behavior. In the behavior problem scales 113 questions have to be rated by the parents on a 3-point Likert scale to indicate the frequency of the behavior. The items cluster into 7 subscales: Withdrawn Behavior, Physical
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Complaints, Anxious/Depressed Behavior, Social Problems, Thought Problems, Attention Problems, Delinquent Behavior, and Aggressive Behavior. The first 3 scales are grouped into a first global scale, Internalizing Behavior. The last 2 form a second global scale, Externalizing Behavior. All items grouped together constitute the Total Problem Behavior Scale. For each child, t scores (M ϭ 50, SD ϭ 10) were calculated. On the subscales, a t score of greater than 70 and on the global scales (Internalizing, Externalizing, and Total Problem Behavior) a t score of greater than 63 are considered to be indicative for clinical follow-up or treatment.
15,16
Statistical Analysis
Statistical analyses were performed with the SPSS for Windows statistical software package (version 12.0; SPSS, Inc). Demographics (age at the moment of testing, sex, and educational level of both parents), medical characteristics (birth weight, Apgar scores, duration of extracorporeal circulation, duration of aortic crossclamp, and hypothermia), and outcome measures (IQ, NEPSY, and CBCL) were compared between the patient groups and control group by means of 2 statistics, Wilcoxon signed-rank tests, or Kruskal-Wallis tests. The term significant was used to indicate purely statistical and not clinical significance.
Results
Patient Characteristics and Medical Data
Comparison of the 3 groups (the TOF, acyanotic CHD, and healthy control groups) shows the lowest weight (P Ͻ .05) and length (P Ͻ .05) at birth in the TOF group, and also a larger part of this group has lower Apgar scores immediately (P Ͻ .001) and 10 minutes (P Ͻ .001) after birth. Not surprisingly, in the TOF group the most frequent symptom was cyanosis, whereas in the acyanotic group presenting symptoms were various. The larger part of our TOF group had 1 operation (77.8%). The maximum number of operations a child underwent was 3. Seven patients had initial shunts. Median age at the time of the first operation was significantly lower in the TOF group than in the acyanotic CHD group (P Ͻ .05). All patients were operated on using standard procedures for extracorporeal circulation during moderate hypothermia (25°C-28°C). Circulatory arrest was not used. The TOF group underwent significantly longer periods of extracorporeal circulation and aortic crossclamping (P Ͻ .01). At the moment of testing, all children were considered hemodynamically stable and in good health. Results can be found in Table 1 .
Intellectual and Neuropsychological Assessment
We could not identify any significant differences between the TOF group and the acyanotic CHD group. Children in the TOF group showed significantly lower scores on the estimated Full Scale IQ (P Ͻ .05) than their healthy control subjects. On the NEPSY domains Language (P Ͻ .01) and Sensorimotor Functioning (P Ͻ .01) and on the subtests Tower (P Ͻ .05), Memory for Names (P Ͻ .05), Narrative Memory (P Ͻ .05), and Design Copy (P Ͻ .05) group differences became apparent. The small sample of children undergoing multiple operations does not permit statistical analysis, but qualitative analysis of the results does not show obvious differences between the children with a single operation for TOF or multiple operations. Mean performances on IQ and NEPSY can be found in Table 2 .
Behavioral Assessment
We could not identify any significant differences between the TOF group and the acyanotic CHD group. Parental reports revealed significantly higher scores on Attention Problems (P Ͻ .05) and the Total Problem Scale (P Ͻ .05) in the TOF group compared with in the healthy control subjects. The parents of the children with TOF also rated their child's school performances to be significantly lower than these of healthy peers (P Ͻ .01). The small sample of children undergoing multiple operations does not permit statistical analysis, but qualitative analysis of the results does not show obvious differences between the children with a single operation for TOF or multiple operations.
Results on the CBCL can be found in Table 3 .
Discussion
In this study we defined the intellectual capacities, the neuropsychological performances, and the behavioral functioning of children with TOF 6 to 12 years postoperatively. We compared the performances of the children in the TOF group with those of children in the acyanotic CHD group and those of healthy children. We could not identify differences in functional outcome between the TOF group and the acyanotic CHD group. This finding is in accordance with previous studies reporting similar intellectual 5 and neuropsychological functioning in children with cyanotic (TOF and TGA) and acyanotic (VSD) CHDs. 4 Compared with a group of healthy peers, the children in the TOF group showed lower intellectual abilities, specifically on the subtests Picture Completion and Vocabulary. However, only 3 children had an IQ of less than 85, confirming that although the intellectual capacities are lower than in the healthy group, the larger part of the children with TOF have a normal level of intelligence. 5, 6 Concerning the neuropsychological profile, we found significant differences between the TOF group and the healthy group on language and sensorimotor functioning. Language deficits have been identified before in children with cyanotic CHDs, 10, 17 and in the TOF group higher rates of dysfunction in expressive and receptive language have been diagnosed compared with normative data. 6 In our study the children with TOF had more difficulties, particularly with phonological awareness; had slower access to names of color, size, and shape; and lacked the ability to process and respond quickly to verbal instructions of increasing difficulty. These objective measures might be the cause of previously reported lower academic skills, such as reading and spelling, in children with CHDs. 1, 3 We also found a group difference on sensorimotor functioning. The children with TOF performed worse than their healthy peers on subtests measuring motor speed and the ability to imitate finger and hand positions. In a comparative study on children with an acyanotic form of CHD (VSD) and children with TOF, the latter displayed a higher incidence of gross motor dysfunction. 6 In our study, however, both the children with TOF and the children with acyanotic CHDs specifically showed slowness in simple and complex motor movements and an inefficient processing of tactile and kinesthetic information when they had to imitate finger and hand positions.
Performances on the subtest Tower were lower for the TOF group, indicating more difficulties in tasks concerning executive functioning, which was also reported in a study on adult patients with TOF. 7 The hypothesis of damage in the prefrontal cortex is to be further examined.
Although obvious memory problems were not present, children with TOF did have lower scores than their healthy peers on a task measuring narrative memory. Possibly it was not the memory aspect that caused this lower score but rather the lack of narrative skills. In a study on narrative discourse in children with a cyanotic form of CHD (TGA) 4 years after surgical intervention, their performance differed in frequency and diversity of narrative elements and in adequacy of the information provided. 18 Because the number of narrative elements the child can reproduce constitutes the narrative memory score in the present study, this seems a plausible explanation for the lower scores in our TOF children. Furthermore, memory for names also appeared worse in children with TOF than in healthy control subjects. The poor performance might be related to difficulties in recalling names and a deficient retrieval of sound-symbol association and spoken-written word connections, which can be reduced to deficient linguistic skills. 
Miatton et al Surgery for Congenital Heart Disease
The Journal of Thoracic and Cardiovascular Surgery • Volume 133, Number 2 453
CHD
Visuospatial skills constituted another domain in which children with TOF performed worse than healthy control subjects. Their ability to copy 2-dimensional geometric figures was reduced. We hypothesize that the lower score on design copy was caused by hand-eye coordination difficulties and visual perceptual deficits, which have been previously reported in children after infant cardiac surgery. 1, 17, 19 The behavioral functioning of children with TOF in our study group, measured by means of a parental questionnaire, is characterized by mainly attention and school problems. These results contradict the previously reported absence of behavioral problems in children with cyanotic CHDs. 1, 10 Other studies, however, did report a higher incidence of behavioral problems, 9 specifically a higher risk for attention problems. 20 These attention problems might have led, at least partially, to the significantly lower school competency in TOF children reported by the parents. Specifically, lower school results and more school problems were indicated. This finding is in accordance with follow-up studies in adolescents and adults with CHDs that report patients to have spent longer periods in school, 21 display more need for special education, and more often present with a learning disability. 22 Neuropsychological deficits that have been mentioned before in outcome studies 6, 10, 17 are probably responsible for the shortcomings at the school level.
The small sample size constitutes a limitation in our study. Furthermore, we cannot ignore a possible selection bias in the patient groups. Parents of children with a CHD voluntarily entered the study. The suspicion of a neurodevelopmental or behavioral problem in their child might have been the parent's motivation for participation, whereas parents of children who perform well at school might have wished not to stigmatize their child as a patient. In accordance with previous studies, 23 our data reflected lower birth weight in the TOF group. However, this birth weight is still within the normal range (2853 g). Adverse cognitive outcome has been described in children with very low (Ͻ1501 g) and extremely low (Յ1000 g) birth weight. 24 For this reason, we believe the relatively lower birth weight in the TOF group was of little influence on the reported neuropsychological outcome.
In this outcome study we compared the intellectual, neuropsychological, and behavioral function of children with TOF 6 to 12 years postoperatively with that of a group with acyanotic CHDs and healthy peers. We could not identify any functional outcome differences between the TOF group and the acyanotic group. In the TOF group we identified a lower estimated full-scale intelligence and a neuropsychological profile characterized by mainly mild motor deficits and difficulties with language tasks. Attention problems and lower school competencies are the most important behavioral aspects reported by parents of children with TOF. In general, our findings are comparable with those of most outcome studies in children with CHD. However, our study resulted in the identification of specific neuropsychological shortcomings in children with CHD, which can lead to tailored interventional programs focused especially on motor functions and language. By means of these programs, the mentioned school problems and the long-term neuropsychological sequelae might be prevented.
